Rivista Italiana di Paleontologia e Stratigrafia

volume 113

no. 2 pp. 287-297 July 2007

NEW FOSSIL VERTEBRATE REMAINS FROM SAN GIOVANNI DI SINIS
(LATE PLEISTOCENE, SARDINIA): THE LAST MAUREMYS (REPTILIA, TESTUDINES)
IN THE CENTRAL MEDITERRANEAN

FRANCESCO CHESI!, MASSIMO DELFINO', LAURA ABBAZZI'!, SALVATORE CARBONI?,
LUCIANO LECCA? & LORENZO ROOK!

Received: August 9, 2006; accepted: April 4, 2007

Key words: Mauremys sp., Praemegaceros cazioti, Late Pleisto-
cene, Tyrrhenian, San Giovanni di Sinis, Sardinia, Italy.

Abstract. New fossil vertebrates from the most representative
Upper Pleistocene section (Tyrrhenian, MIS 5e¢) of the outcrop of San
Giovanni di Sinis (Oristano, Sardinia) are here reported and described.
The fossils, although scarce and fragmentary, document the occurrence
of a terrapin (Mauremys sp.) and the endemic Sardinian deer (Praeme-
gaceros cazioti). Significant is the occurrence of the terrapin because it is
the youngest representative of the genus Mauremys in the central Med-
iterranean area where it is extinct at present. The Late Pleistocene
extinction of Mauremys in Italy follows the same pattern of other
Mediterranean reptiles, in being in some cases delayed on the islands.
A comparison of the modern range of Mauremys and that of the pond
turtle, Emys, as well as of their past ranges as evidenced by the fossil
record, might suggest that some sort of thermophily (at least during
pre-hatching stages) characterized the former taxon and is responsible
for its past and present distribution.

Riassunto. Vengono segnalati e descritti nuovi resti fossili di
vertebrati provenienti dalla pili rappresentativa sezione del Pleistocene
superiore (Tirreniano, MIS 5e) dell’affioramento di San Giovanni di
Sinis (Oristano, Sardegna). I resti fossili, sebbene pochi e frammentari,
documentano la presenza di una testuggine (Mauremys sp.) e del cervo
endemico quaternario della Sardegna (Praemegaceros cazioti). Signifi-
cativi sono 1 resti della testuggine, perché costituiscono la piu recente
testimonianza della presenza del genere Mauremys nel Mediterraneo
centrale, area in cui & attualmente estinto. Lestinzione di Mauremys
nel tardo Pleistocene italiano segue il pattern di altri rettili mediterra-
nei: le isole consentono in alcuni casi una sopravvivenza prolungata
rispetto al continente. Un confronto tra la distribuzione attuale di
Mauremys e quella della testuggine palustre, Emys, cosi come un con-
fronto tra i loro areali passati (definiti sulla base della documentazione
fossile), indica chiaramente che un certo grado di termofilia (almeno
durante gli stadi prenatali) caratterizza Mauremys ed & responsabile per
la sua distribuzione presente e passata.

Introduction

The first note of findings of continental fossil re-
mains in the Pleistocene succession of San Giovanni di
Sinis (Fig. 1) was published by Maxia & Pecorini (1968).
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Fig.1 - Location of the San Giovanni di Sinis Tyrrhenian outcrop.
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The authors indicated the presence of “molars of a small
Elephant (Elephas melitensis?)” and Helix shells in a
pre-Tyrrhenian dune “underlying the Tyrrhenian sand-
stones (Panchina)” attributed to the Riss.

Such fossil remains, in an “inter-Tyrrhenian” layer
(sensu inter T1 and T2 of Maxia & Pecorini 1968), have
been later studied by Ambrosetti (1972) who, whilst
discussing the problems of comparing this Sardinian
fauna with Mediterranean assemblages, attributed it to
Elephas lamarmorae. More recently, the same fossil re-
mains have been interpreted as belonging to a mam-
muthine representative and referred to Mammuthus la-
marmorae (Melis et al. 2001).

Other fossil vertebrates from the Upper Pleisto-
cene of San Giovanni di Sinis are known since the de-
scription given by Caloi et al. (1981). These Authors
reported the presence of indeterminate fishes, two ter-
rapins (Emys orbicularis and Mauremys cf. M. caspica), a
colubrid snake (Coluber sp.), indeterminate birds, an
arvicolid species (Tyrrhenicola henseli), an ochotonid
(Prolagus sp.) and a deer (Megaceros sp.). The chrono-
logical allocation of the fossiliferous sediments (known
as “turtle” level), based on the geometric relationships
between the different outcropping sedimentary bodies
and the fossil remains, has been considered as Late
Pleistocene, intermediate between the Tyrrhenian and
the Wiirmian complexes (Caloi et al. 1981).

The nature of the sediments, as well as the relative
abundances of the terrapins, suggest that the deposi-
tional environment of the level where the vertebrate
fossils are preserved could be represented by a coastal
marsh, eventually provided with salty waters (as testi-
fied by the absence of amphibian remains).

Current research on the Tyrrhenian event in the
Sinis region, as well as western and southern Sardinia, is
alming at a new stratigraphic analysis, with the purpose
of identifying the most representative Tyrrhenian sec-
tions (MIS 5e) in Sardinia and in the Mediterranean
area. This renewed research follows a general discussion
occurred within the Italian Committee on Stratigraphy
during the Spoleto Geoltalia 2005 Meeting. In the
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course of further stratigraphic investigations, new fossil
remains were recovered in the succession exposed at San
Giovanni di Sinis. The origin of the layers bearing such
fossils is in good agreement with the depositional and
palaeogeographic evolution.

This work represents an update of the knowledge
about the palaeontology of San Giovanni di Sinis assem-
blage, and constitutes a chance to recapitulate the fossil
record of the Italian representatives of terrapins belong-
ing to genus Mauremys, represented in this locality by
the youngest members of the central Mediterranean,
area where it is extinct at present.

Geological setting

Several authors described at San Giovanni di Sinis
aeolian sandstones and continental complexes correlata-
ble with the Riss glaciation (Maxia & Pecorini 1968),
and marine sediments attributed to the Tyrrhenian in-
terglacial (“Riss-Wiirm” Auct., MIS 5) for their content
of “warm fauna” (Vardabasso 1956; Masala 1958; Maxia
& Pecorini 1968; Comaschi Caria 1968; Pomesano
Cherchi 1968; Marini & Murru 1977).

During the 80s, some studies highlighted the pre-
sence of several shore-shoreface stratified units within
the entire section outcropping at San Giovanni di Sinis.
There Tyrrhenian marine deposits were also recognized
(Ulzega & Ozer 1980), and later tentatively compared
to similar deposits in the Tunisian coast (Ozer et al.
1980): Rejiche Formation - Cala Mosca Formation (Eu-
tyrrhenian), Chebba Formation - Santa Reparata For-
mation (Neotyrrhenian).

A first attempt to establish the geochronology of
the marine units outcropping at San Giovanni di Sinis
employing amino acids racemization (67.5 — 56.0 Ka;
Wanet et al. 1982) was later considered unreliable be-
cause of the difficulty of interpreting the “interspecific
variations in racemization rate” (Ulzega & Hearty 1986)
and furthermore because of the discrepancy with suc-
cessive studies (Carboni & Lecca 1985; Davaud et al.
1991; Kindler et al. 1997).
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Carboni & Lecca (1985), studying the Middle-
Late Pleistocene outcrops along the Sinis coast, recog-
nized in the San Giovanni di Sinis outcrop three shore-
shoreface units in unconformity on the Messinian marls
and limestones of the Capo San Marco Formation
(Cherchi et al. 1978).

The northern and stratigraphically lowermost
part of this outcrop displays a shore unit (M1; Fig. 2)
with foreshore facies evolving into a backshore and aeo-
lian dune, covered by a continental sequence (C1) with
at least 5 layers of aeolian and colluvial sandstones in
alternation. Fossil remains of a proboscidean (Elephas
lamarmorae) come from a layer of this continental se-
quence C1 and have been reported by Maxia & Pecorini
(1968), Ambrosetti (1972) and Melis et al. (2001). The
M1 unit is affected northward by a normal high angle
fault, which causes an abrupt interruption and an almost
vertical contact with the Messinian marls. Upward, over
an erosion surface (83) there is a second shore unit (M2;
Fig. 2) of temperate sea and low energy transitional-
lagoonal environment. Such unit is characterized by
several stratigraphic disconformities and arranged in fa-
cies of protected shore (M2a, b; Fig. 3), and lagoon
(M2c; Fig. 3). The beds M2d, in “Phoenician graves”
section (Fig. 3), constituted by fine silty sand, carbona-
tic silt, carbonatic mud and marly-sandy limestone, tes-
tify even episodic emersion phases, and yielded remains
of molluscs, mammals and reptiles, also the new remains
here described. A third shore unit, evolving in back-
shore and in aeolian dune (M3a, b, c; Fig. 3), is situated
over another erosion surface (86), affecting both the top
of the continental unit C1 and the transitional unit M2.
A second continental unit (C2; Fig. 3) can be broadly
observed above the M3 deposits. Without geochronolo-
gical dating, Carboni & Lecca (1985) attributed, only on
the base of the lithostratigraphic and sequential data, the
first episode M1 to the “Paleotyrrhenian” (“Mindell-
Riss Interglacial” Auct.) and the following episodes
M2, M3 to the Eutyrrhenian (MIS 5e highstand).

Ulzega & Hearty (1986) reported U/Th ages of
138 + 8 ka and of 149 + 10 ka for two outcrops near the
Cagliari area (Fig. 1), at Calamosca (lower unit) e Sa
Illetta, respectively. Such work attributed the lower
marine unit M1 to the Eutyrrhenian (i.e. MIS 5e) and
the highest units M2 and M3 to the Neotyrrhenian (i.e.
MIS 5c¢-5a), with ages between 105 e 75 ka.

Kindler et al. (1997) correlated petrographic and
sedimentological data in order to interpret the past cli-
matic conditions and sea level forcing mechanisms. Car-
ried out on different Sardinian Tyrrhenian outcrops,
such analysis confirms the chronological attribution of
the lower marine unit, which they defined “sequence X”
(M1 of Carboni & Lecca 1985), to a pre-Tyrrhenian
interglacial (“Mindell-Riss Interglacial” Auct.) and both

their “I and II sequences” (M2 and M3 of Carboni &
Lecca 1985) to the MIS 5e.

Thus, the literature attributes the first marine unit
(M1 of Carboni & Lecca 1985; Sequence X of Kindler et
al. 1997) to an interglacial phase of the Middle Pleisto-
cene, and agrees with the presence of other two over-
lying separate marine units. Contrasting interpretations,

Fig.3 - “Phoenician graves” section where the vertebrate remains
described in this work were found. Key to abbreviations:
Os — ostracods, Pg — pulmonate gastropods, Te — terrapins,

Vb — vertebrate bones, Vt — vertebrate teeth.
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however, concern the chronology of these two units
within the MIS 5.

Material and methods

The new fossil record, here described, consists of 50 remains,
currently stored at the “Universita di Cagliari” with the collection
number UC 1-50. The taxonomic identification has been based on
the comparison of extant and fossil species as well as on the presence
of phylogenetically informative characters of bony elements (e.g., for
terrapin turtles, Zangerl 1969; Hervet 2000, 2004). Osteological nomen-
clature of turtle shell elements follows Lapparent (2001). No distinc-
tion has been made in the section “Material” between perfectly pre-
served or fragmentary remains.

Systematic palaeontology

Reptilia Laurenti, 1768
Testudines Batsch, 1788
Geoemydidae Theobald, 1868
Mauremys Gray, 1869

Mauremys sp.

Material. 2 neural plates, 8 pleural plates, 10 peripheral plates, 1
anterior plastral lobe (right and left epiplastra plus entoplastron), 1

Fig. 4 - Mauremys sp. from San Gio-
vanni di Sinis: A-C) fragment
of anterior plastral lobe (epi-
plastra and entoplastron), in
ventral (external surface),
dorsal (visceral) and anterior
view; D) pygal in external
view; E, F) fragmentary left
xiphiplastron in dorsal and
ventral view. The bar is 10
mm long.

right hyoplastron, 2 right xiphiplastra, 3 left xiphiplastra, 1 pygal plate,
13 indeterminate fragments.

Description. UC 1 (Fig. 4 A-C) — Fragmentary
anterior lobe of a plastron. Both the epiplastra as well
as the entoplastron are present. These elements and
their surfaces are perfectly preserved, with the excep-
tion of the lateral portion of the right epiplastron.
Each element shows spiny edges corresponding to su-
tures with the missing hyoplastra, but sutural lines
between epiplastra and entoplastron are not visible
either on the dorsal or the ventral surface. The shape
and boundaries of the entoplastron are therefore not
perceivable. The humero/pectoral sulcus crosses the
entoplastron relatively far from its caudal edge. Since
the sutures between the epiplastra and the entoplastron
are not visible, it is not possible to directly evaluate if
the gular shields covered the entoplastron; however, it
is possible to suppose with confidence that they
slightly entered it. Epiplastral pads are not developed
and the area corresponding to the gular shields forms a
distinct dorsal concavity (and a ventral convexity), if
seen in anterior view. In ventral view, the area covered
by gular shields is vaguely heart-shaped (with a shal-
low medial notch in the cranial area) and slightly pro-
truding out of the anterior outline of the plastron lobe.
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In dorsal (visceral) view, the epiplastral lips are not
distinctly cranio-caudally expanded (only slightly cra-
nially). The fragment is 49 mm long and 64 mm wide,
the gular shields are 22 mm long and the humeral ones
15 mm.

UC 2 (Fig. 4D) — Pygal plate. The pygal is
nearly complete (only a small dorso-lateral portion is
broken off). It is relatively short and wide (14 x 24 mm
respectively). The ventral (posterior) edge is slightly
concave. The external surface shows a sagittal sulcus
corresponding to the boundary between the 12" mar-
ginals.

UC 3 - Fragmentary right hyoplastron. This frag-
ment is rather thin and belongs to a young specimen.
There is no trace of axillary shield. The sulcus between
pectoral and abdominal shields reaches the buttress.

UC 4 (Fig. 4E-F) — Fragmentary left xiphiplas-
tron. The fragment consists in the posterior portion of
a left xiphiplastron: the cranial edge is fractured, the
others are well-preserved. There are no sulci on the
external surface. A deep and relatively wide notch is
present at the postero-medial corner. The postero-lat-
eral process has a tip slightly bent ventrally and shows a
moderate dorsal thickening. The fragment is 25 mm
long and 30 mm wide.

UC 5 - Four other xiphiplastral fragments are
represented by their anterior portion only. The fe-
moro-anal sulcus is visible in two right elements: it runs
nearly perpendicular to the lateral edge of the bone.

Discussion. The remains can be referred with
confidence to the terrapins of genus Mauremys, be-
cause of the combination of the following characters:
entoplastron slightly covered by gular shields but ex-
tensively covered by pectoral shield; xiphiplastra with
femoro-anal sulcus running perpendicularly to the lat-
eral edge of the bone; posterior lobe of plastron with
wide anal notch; sulcus between pectoral and abdom-
inal shields reaching the bridge; pygal wider than high,
with longitudinal sulcus but without any transversal
sign of the boundary between 12 marginals and 5%
vertebral (see Hervet 2000, for a description of Maur-
emys shell).

Among the remains associated with the above dis-
cussed elements, a small peripheral is morphologically
congruent with Mauremys, in being characterized by
the presence of a sulcus between marginals and costals
(therefore it doesn’t coincide with the suture between
peripherals and pleurals). Neurals, pleurals, peripherals
and indeterminate shell fragments are tentatively re-
ferred to the same taxon, despite the absence of diag-
nostic features.

The sample documents the occurrence of at least
two individuals, a full grown adult and a juvenile.

Mammalia Linnaeus, 1758
Artiodactyla Owen, 1848
Cervidae Gray, 1821

Praemegaceros cazioti (Depéret, 1897)

1911 Cervus elaphus corsicanus Dehaut, p. 54

1926 Cervus (Polycladus) cazioti — Joleaud, p. 63

1935 Cervus cazioti — Tobien, p. 258

1954 Cervus elaphus cf. corsicanus — Malatesta & Settepassi, p. 37

1955 Megaceros (Anoglochis) cretensis — Comaschi Caria, p.
19, pl. 5

1960 Cervus cazioti — Sigogneau, p. 49, pl. 6-8

1968 Megaceros verticornis Comaschi Caria, pl. 4

1974 Megaceros (Nesoleipoceros) cazioti - Caloi & Malatesta,
p. 165

Material. Left I;; right I,; fragmentary root of incisive; right
undetermined incisive; right radius lacking epiphyses; left metacarpus
lacking caput metacarpale; proximal fragment of left humerus.

Description. UC 6 — Few teeth and some post-
cranial remains document the occurrence of a cervid
taxon among the fossils from San Giovanni di Sinis.
The specimens are quite fragmentary and not well pre-
served.

Dental elements are represented by three incisive
fragments. Dental crown of lower incisives appears
asymmetric in shape.

Radius and metacarpus belong to the same speci-
men; the proximal articulation of metacarpus is fairly
deep and the distal anterior face of radius shows evident
lateral and medial cristae separated by a concave surface;
both features are typical of cervid family. These fossils
belong to a very young individual as suggested by the
absence of both epiphyses in radius, and of the distal
one in metacarpus, as well as by their high porosity. On
the basis of the available data concerning the timing of
ossification in recent taxa, it is possible to refer the
remains to a specimen younger than about 6 months.
Indeed, the fusion between caput radii and diaphysis
occurs after 6-7 months in Dama dama (Pohlmeyer
1985) and at about 4 months in Ouwis aries (cf. Bover
& Alcover 1999). As regards the metacarpus, the distal
epiphysis joins the diaphysis at about 24 months in
Dama dama (Pohlmeyer 1985). The fragment of hu-
merus belongs to an adult specimen. Tuberculum majus
and minus are incomplete, however their size and pro-
portion agree with a cervid taxon too (e.g. fairly pro-
truding and slender tuberculum majus).

Discussion. Although no element is preserved en-
ough to be measured, by general size, the fossil remains
from San Giovanni di Sinis agree with the Sardinian
deer Praemegaceros cazioti (for the use of the genus
name Praemegaceros see Abbazzi 2004 and ref. therein).

This is an endemic form of megacerine well
known in the Middle and Late Pleistocene of Sardinia
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(Comaschi Caria 1955; Caloi & Malatesta 1974; Caloi &
Palombo 1991, 1995), within the faunal assemblages re-
ferred to the so-called “Tyrrbenicola-Praemegaceros”
faunal complex (Sondaar & Van der Geer 2002; Abbazzi
et al. 2004). The ancestry of this cervid has been identi-
fied in the Pleistocene continental species Praemega-
ceros wverticornis (Azzaroli 1961; Caloi & Palombo
1995 and references therein) which dispersed towards
the Sardinian paleobioprovince close to the Early-Mid-
dle Pleistocene boundary.

Though the cervid material here analysed is ex-
tremely fragmented, the humerus and incisive size
makes highly likely that they belong to this endemic
species. As a matter of fact, another middle sized deer
is known in Sardinia, the red deer Cervus elaphus, how-
ever it is documented during the Holocene in archae-
ological contexts starting from the third millennium
B.C. (Cocco & Usai 1988).

Remarks on the evolutionary history and extinction
patterns in the Mediterranean area of the extant
Mauremys species

The occurrence of a terrapin referred to genus
Manremys among the vertebrates documented at San
Giovanni di Sinis, is of particular relevance because of
the present range of the genus, the peculiar phylogenetic
relationships among its extant species and their fossil
record.

At present, the Palearctic-Oriental genus Maur-
emys shows an east-west doubly disjunct distribution:
three species are present in eastern Asia and three spe-
cies in the Mediterrean region. As for the Mediterranean
area: M. leprosa inhabits north Africa (from Morocco to
west Libya), the Iberian Peninsula and south-west
France; M. rivulata is widespread in the Balkans and
Mediterranean Anatolia; M. caspica is present in conti-
nental Anatolia and west Asia (Gasc et al. 1997; Hervet
2000; Fritz 2001; Barth et al. 2004). The Italian Penin-
sula and the French area represent therefore a gap in the
northern Mediterranean range of this genus.

These three species were formerly thought to re-
present the same species, Mauremys caspica, but have
been recently split on the basis of the results of col-
our-pattern and molecular studies (Fritz & Wischuf
1997; Barth et al. 2004; Feldman & Parham 2004; Man-
tziou et al. 2004; Spinks et al. 2004; see literature there-
in). The phylogenetic relationships among these three
species and their position in respect to the east Asian
members of the genus are still debated and not comple-
tely clear: all mentioned molecular-genetic investiga-
tions provided evidence that the genus is probably
non-monophyletic. According to Feldman & Parham
(2004), mitochondrial DNA indicates that M. rivulata

is basal to the “clade” containing all the other Maur-
emys species and that M. leprosa and M. caspica are
sister taxa. However, this sister-group relationship is
weakly supported. Conversely, on the basis of nuclear
and mitochondrial DNA data, Spinks et al. (2004) and
Barth et al. (2004) indicated that M. leprosa is basal to
the “clade” containing all the other Mauremys species
(as well as also all species of Chinemys and Ocadia for
Barth and co-workers) while M. caspica and M. rivulata
are sister taxa. The latter result is at least congruent with
the external morphology of these three species (Busack
& Ernst 1980; Fritz & Wischuf 1997) and their taxo-
nomic history (see Discussion in Barth et al. 2004) be-
cause, after the attribution of the western M. caspica
populations to M. leprosa, for some years the eastern
populations were still grouped under the same name, M.
caspica, and only recently M. rivulata obtained a speci-
fic status (Fritz & Wischuf 1997). The phylogenetic
models of Spinks et al. (2004) and Barth et al. (2004),
suggesting that the eastern Mediterranean species are
closer to the derived Asian member of the genus than
to the basal M. leprosa, conflict with the traditional
evolutionary scenario that sees the extant Mediterra-
nean species as a direct product of the recurrent south-
ward withdrawal of their ancestor during the Pleisto-
cene glaciations (among others, Delfino 2002). Honda et
al. (2002) proposed that since the broad geographic gap
between the Mediterranean-west Asian species and the
east Asian ones is represented by arid regions, this dis-
junction is related to the rising of the Himalayas that
caused such aridity. On the same line, Feldman & Par-
ham (2004) reported that the collision of India into Asia
may be the vicariant event responsible for the current
distribution of Mauremys and the separation between
western and eastern species assemblages should have
occurred earlier than the onset of inhospitable environ-
ments. According to Barth et al. (2004), the Mauremys
“patchy distribution is likely to be the result of several
ancient radiation events rather than a recent (Pleisto-
cene) extinction”.

Particularly interesting should be therefore the
understanding of the relationships of the European Pa-
leogene remains referred to the Mauremys stem group
by Hervet (2004), since they predate such range disjunc-
tion. Moreover, the identification of reliable osteologi-
cal characters allowing to distinguish the extant species
assemblages, and therefore a positive allocation of fossil
remains, is crucial in supporting or discarding such evo-
lutionary scenarios; in particular, the allocation at spe-
cific rank of the European Pleistocene remains could
have a relevant role since most likely they belong to
extant species. At present, only few shell characters
are available for the identification of the three European
species (Roualt & Blanc 1978; Busack & Ernst 1980;
Hirayama 1984; Lovich & Ernst 1989; Iverson &
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McCord 1994; Fritz & Wischuf 1997). Such characters
can be applied only when the fossil record is repre-
sented by a complete plastron.

The fossil record testifies for a north-west African
origin of M. leprosa during the Pliocene (fossils in Al-
geria, Lapparent 2000) and then supports the molecular
data in showing the dispersal into Europe (Fritz et al.
2005, 2006).

Less relevant is the current weight of the fossil
record in the knowledge of the evolution of M. caspica
and M. rivulata. The poorly known west Asian fossil
record of chelonians hinders any well-grounded consid-
eration concerning the past distribution of Mauremys.
The revision of fossils from the Quaternary of conti-

Fig. 5 - Geographic distribution of the Manremys fossil record in
Italy: 1) cf. Mauremys sp. (Testudo craverii); Santa Vittoria
d’Alba (CN); Late Miocene; Sturani 1973; Kotsakis &
Mori 1981. 2) Mauremys sp.; Pian Calcinaio, Scansano
(GR); Late Miocene; Delfino 2002. 3) Mauremys sp. or
Geoemydinei indet.; Fornace R.D.B., Villafranca d’Asti
(AT); Middle Pliocene; Ambrosetti et al. in Carraro
1996; Delfino 2002. 4) Mauremys sp.; Torre Picchio, Mon-
tecastrilli (TR); Girotti et al. 2003. 5) Mauremys portisi
(Emys portisi); Valleandona (AT); Late Pliocene; Sacco
1889; Kotsakis & Mori 1981. 6) Mauremys gaudryi etrusca
(Emys etrusca); Colombaiolo, San Giovanni (AR); Late
Pliocene-Early Pleistocene; Portis 1890; Kotsakis 1980.
7) Mauremys gaudryi etrusca (Emys etrusca); Restoni, Fig-
line (AR); Portis 1890; Kotsakis 1980. 8) Mauremys sp.;
Cava Pirro/Dell’Erba, Apricena (FG); Early Pleistocene;
Delfino & Bailon 2000. 9) Mauremys sp. (Emys aniensis);
Grotta del Monte delle Gioie, Ponte Salario (RM); Middle
Pleistocene; Indes 1869; Portis 1896; Delfino 2002. 10)
Mauremys sp. (M. cf. M. caspica); San Giovanni di Sinis
(OR); Late Pleistocene; Caloi et al. 1981; this paper.

nental Greece (Pleistocene remains from Megalopolis,
Melentis 1966; Vugt et al. in Vugt 2000; subrecent ma-
terial of the Vraona Cave, Rauscher 1995) and Crete
(Pleistocene of Grotta Simonelli, Kotsakis 1977), now
simply referred to M. caspica s.l., could offer informa-
tion on the chronology of the presence of M. rivulata in
the Balkans.

The French and Italian fossil record provides evi-
dence for the presence of the genus in areas in which it
is extinct at present. France has nearly no post Neogene
Mauremys remains being the sole exceptions repre-
sented by two Holocene sites in Gard and Longue-
doc-Roussillon departments (Cheylan 1982; Keller &
Busack 2001). Four fragments, coming from the Gard
department, referred to M. leprosa on a morphological
basis by Hervet (2000), could testify for a recent signif-
icant shrinkage of M. leprosa range (the site is dated to
about 2000-3000 years B.C.) but since the remains come
from an archaeological context with ceramics, we can-
not rule out some kind of long distance transportation
operated by man. However, evidence for an autochtho-
nous group of M. leprosa is offered by the high number
of shell fragments identified among meal leftovers in a
settlement near Nissan. On the contrary, the Italian Pe-
ninsula hosted Mauremys at least from the Late Mio-
cene to the Middle Pleistocene while the remains from
San Giovanni di Sinis here described testify its presence
in Sardinia during the Late Pleistocene (fig. 5). Fossils
are widely distributed on the peninsula but, on the basis
of the presently known localities (10 altogether), it
seems that only the central and southern regions of
the peninsula were inhabited during the Pleistocene.
Such prolonged survival in the southern areas and,
above all in the islands, parallels that of amphisbaenians
(Delfino 1997, 2003) and is in agreement with the well-
known peninsular and insular effects (Masini et al.
20024, b).

Lapparent (2000) referred to the species Maur-
emys leprosa the “small tortoise” from the Pleistocene
of Malta represented by shell fragments, femur and hu-
merus, and firstly identified by Leith-Adams (1877) as a
member of the species Lutremys europaea, a junior sy-
nonym of the European pond turtle, Emys orbicularis.
The original description of the specimens by Leith-
Adams (1877) should lead to attribute it to a pond turtle
because of the “white specks” visibile on the outer der-
mal layer, specks that could represent the remnants of
the external colour pattern typical of E. orbicularis.

Because the identification as Emys or Mauremys
of the Maltese fossils has not been corroborated by a
description, the presence of these genera in the Pleisto-
cene of this island is here not taken into consideration,
waiting an accurate revision.

Analogously to other reptilian taxa that inhabited
Southern Europe and its islands, Mauremys probably
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went extinct in the Italian peninsula because it has been
less warm than the neighbouring peninsulas and sepa-
rated from them by biogeographic barriers that pre-
vented recolonization (Delfino 1997, 2002, 2004). The
extinction of Mauremys and the survival of Emys is
rather self explanatory. Both these taxa were present
in the Italian peninsula as well as in Sardinia and actu-
ally, they were syntopic at some sites like San Giovanni
di Sinis or Cava Pirro and Cava Dell’Erba (Delfino &
Bailon 2000).

The syntopy of such taxa is not uncommon at
present where their ranges overlap (as well as in fossil
sites like Megalopolis, Melentis 1966; Vugt et al. in Vugt
2000). It is however curious that even if Mauremys is
considered to be much less sensitive to environmental
factors than Emys and, where syntopic the former tends
to be more common than the latter (Crucitti et al. 1990),
Maunremys died out in the central Mediterranean sector
before the end of the Pleistocene (as indicated by the
remains of San Giovanni di Sinis), while Emys survived.
Despite the absence of temperature-dependent develop-
mental data concerning the embryos of Mauremys, a
comparison of its present range with that of Emys might
suggest that some sort of thermophily (at least during
pre-hatching stages) is responsible for the Late Pleisto-
cene extinction and therefore for the present-day dis-
tribution.

Conclusion

Field investigations of the San Giovanni di Sinis
outcrop led to the finding of continental faunal remains
of reptiles and artiodactyls, documenting the slowing
down of the Tyrrhenian sea level raise and the start of
an emerged marsh environment with episodic fresh
waters.

The new fossil vertebrate remains allow to con-
firm the occurrence of a terrapin (Mauremys sp.) and
the endemic Sardinian deer (Praemegaceros cazioti) in
the Tyrrhenian of the area, as reported in previous
studies (Caloi et al. 1981). Of particular significance
is the occurrence of the terrapin: although not identifi-
able at specific level (Mauremys sp.), it is the last re-
presentative of the genus known in the central Medi-
terranean area and offers the opportunity to discuss
the extinction patterns of the genus in the circum-
Mediterranean area.
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